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Outline
Motivation.

« J/y measurements
— p+p and d+Au 200GeV.

— Au+Au 39, 62, 200 GeV, U+U 193 GeV.

Upsilon measurements.

 Summary.
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Quarkonium in nuclear matter

* Due to color screening of quark potential in QGP guarkonium dissociation
IS expected.

« Suppression of different states is determined by medium temperature
and their binding energy - QGP thermometer.

H. Satz, Nucl. Phys. A (783):249-260(2007)

T < T, T =12T, T= 3T,
VXYY XY X v Y XY’ Y
State I e v’ T X ' %L +"

Mass (GeV) 3.10 353 368 046 000 1002 1026 1036
AE(GeV) 064 020 005 110 067 0.54 0.31 0.20
T,/ T. 210 116 112 =40 176 1.60 1.19 1.17
ro (fm) 050 072 090 028 044 0.56 0.68 0.78
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Other important effects

* Quarkonium production mechanism in p+p is not well understood.
— Color-singlet vs. Color-octet?

« Observed yields are a mixture of direct production + feeddown
— E.g. Jy = 0.6 J/y (Direct) + ~0.3 y. + ~0.1y’
— Inclusive yields include also B — J/hy+x
e Suppression and enhancement in the “cold” nuclear medium
— Nuclear Absorption, Gluon shadowing, initial state energy loss,
Cronin effect and gluon saturation.
« Hot/dense medium effect
— Recombination from uncorrelated charm pairs.

000 000
® o o ©
OOO @) ® (<l O
. BO O
. = -
STAR

£ jaroslav.bielcik@fjfi.cvut.cz


/

The STAR Detector

Solenoidal Tracker At RHIC : -1< N<1,0<p<2n

| Magnet | [Q\Ba.rrel ElectroMagnetic Calorimeter J

[ Time Projection Chamber

(/T Time Of Flight ]

| W\ |
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(’ Beam Beam Countcr ] o

VPD: minimum
bias trigger.

TPC: PID, tracking.

TOF: PID.

BEMC: PID, trigger.
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Jhy —> e*e  signhals

Au+Au 0-60% \ s, = 200 GeV

“E 800l (a) unlike-sign pairs “54,:":, _ (b) background subtracted
% o 3<p <5 GeV/c :; 350 + o 3<p <5 GeVic
S 700Cugn & o 5<p <10GeVie| = 300- = 5<p <10 GeV/c
600 __ background | 250" i « Significantly reduced
= 500 (mixed-event)| — 200f -

material in 2009 p+p and
2010 Au+Au collisions.

[75]
*g‘lﬁﬂi
B 100

L e,

936728 3 32343638 4 3628 3 3.2 34 3. s 38 4 < Clear signal for high-p;

M., GeV/c? M., GeV/ .
(s :+:}\5 200 GeV (ee) (GeVic) in both p+p and Au+Au
G 80F () 2<p <4GeVic | G 30[ (d)  8<p <12GeVic 200 GeV caollisions.
> 70 o unlike- -sign % 25
> 60 — like-sign =
& 50¢ H 3 20
=~ + = 15
2] 2
= € 10
o o
O O s
P Loy PR BT B e | Iql:}... ..-.-I...-...I-.-..l... M |
2628 3 32343638 4 2628 3 323436238 4
M, (ee) (GeV/c?) M., (ee) (GeV/c?)

Phys.Lett. B722 (2013) 55
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Jhy In p+p 200 GeV

p+p — JIw+X, Vs =200 GeV
e STAR 2009 EMC

¥ STAR 2009 MB

® STAR 2005 & 2006
o PHENIX 2006

STAR Preliminary

PHENIX: Phys. Rev. D82, 012001 (2010)
STAR 2005&2006: Phys. Rev. C80, 041902(R) (2009)
STAR 2009 EMC : Phys.Lett. B722 (2013)

| d ﬁﬁ

« J/y p; extended to 0-14 GeV/c.

T

* Prompt NLO CS+CO model
describes the data.

T
—
e
(7]
RRRL

* Prompt CEM model
describes the high-p; data.

BdZGI(an dp_dy) [nbl(GeVIc)2]
3 3,

—
<
(4]

] IIJII| l IIIIIII| ] IIIIIII| ] IIIIIII| LIl

Direct NNLO* CS model
underpredicts high-p; part.

[ldirect NNLO* CS
----direct NLO CS+CO
— prompt NLO CS+CO

-7|III|III|III|III|III|III|I
100 2 4 6 8 10 12 14

P, (GeVi/c)

direct NNLO: P.Artoisenet et al., Phys. Rev. Lett. 101, 152001 (2008) and J.P.Lansberg private communication
NLO CS+CO: Y.-Q.Ma, K.Wang, and K.T.Chao, Phys. Rev. D84, 51 114001 (2011)
'-E_EM:M. Bed'lidian et al., hep-ph/0311048, and R.Vogt private communication
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J/y polarization

o lF——————— L LA R IR B _ _
0l p+p — Jiy+X 4  STARdata, |y|<1 J + Polarization parameter Aq
L {s =200 GeV @  PHENIX data, |y|<0.35 J in helicity frame at |y| <1
0.6F |y|<1 /] com o and 2 < p; <6 GeVic.
o m—— (CSM - direct NLO' ]
0.4 [T CSM - direct NLO" + approX_]
0.2E-  * Agis consistent with
F : 2055055 NLO+ CSM.
0 i e
- BRI AX KBS R KOS e s, i~ o
-0.2 — o4, 1 * RHIC data indicates a
0.4F = trend towards longitudinal
0sE = Q/W polarization as p;
- —-0.16%p_+0.18 = Increases.
-0.8f helici —
ihehmt;:* frame | ;(an::lf: 1'5M| - - y |
-10 3 3 3 4 5 5 ore precise
P. (GeVic) measurement from

PHENIX: Phys. Rev. D 82, 012001 (2010)

COM: Phys. Rev. D 81, 014020 (2010)
CSM NLO+: Phys. Lett. B, 695, 149 (2011)

N
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appeared on arXiv today
arXiv 1311.1621
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p+p 500 GeV expected.
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J/\u IN d+Au 200 GeV

2 T T

1 gl ® STAR IyI<1 d+Au—>J/w+X _ s °® STAR IyI<1 d+Au—>J/1p+X B
o PHENIX lyl<0.35 \/Spy = 200 GeV |l o PHENIX lyl<0.35 (minimum bias)
T EPsoo +0,,, (3 mb) N, | 1.6~ —=EPS09 +0,,, (3 mb) -
1.4F CJp+p — 1.4+ OINGa _
CJPHENIX. p+p stat.
e [D 2" B
o
0.8} I—ﬂ 'ﬂ m tj | = o.e«l I D =
0.6~ m 0.6~ [EEI ‘;l I —
0.4 — 0.4+ _
0.2~ STAR Preliminary . 0.2 =200Gev  STAR Prefliminary -
] ] | ] ] | ] ] |
00 2 4 6 8 10 12 14 16 18 00 ; 2| :I3 zll 5I
Neoi P, (GeV/c)

E.Eskola, H.Paukkunenea and C.Salgo, Nucl. Phys. A 830, 599 (2009) R.Vogt, Phys. Rev. C 81, 044903 (2010)

« Cold nuclear effects are important to interpret the heavy ion results.

« Good agreement with model predictions using EPS09 nPDF parametrization

for the shadowmg and J/Lg nuclear al:ésorptlon cross section.
— +1

- O =2.8737 (stat.) "3 (syst.) 1 (EPS09)mb fit to the data.
|
STAR 9
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Jhy spectra in 200 GeV Au+Au collisions

10°F" (a) 0-20% W (b) 20-40%
— 10° « Large p; range of 0- 10 GeV/c.
O 107
% 10° « Jly spectra significantly softer
O 10 Slnst Wave at low p; than the prediction
:|_ 10°F o @STAR AutAu - - Prediction from light hadrons.
gty  CPRENIXAurAl — e - Recombination at low p?
>‘ 1 1 1 1 1 1 I 1 qQ . ’)
3 10° (©) 40-60% FEm. () 0-60% {4 & Small radial flow"
D N
g 10° N ;A
N 107 o
> I SV
& 10 do 102=
T 109 - ]
m 10 T §10°2
i ASTAR Srp Y 1 e
: 'syn = 200 GeV p+p <
10 " VISNN I I Gel OP.HENllx p|+p . 10—5%
0 2 4 6 46 8 10

8 2
P, (GeV/c)
STAR low-p; arXiv:1310.3563  high-p; : Phys.Lett. B722 (2013)
LTsaIIis Blast-Wave model: Z.Tang et al., Chin.Phys.Lett. 30 (2013)
STAR _ o 10
£ jaroslav.bielcik@fjfi.cvut.cz
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Jhy spectra in 200GeV Au+Au collisions

x10°

0.16
0.14}
0.12
- 01
© 008
0.06
0.04

N [(GeV/c
(=)
N

BdN/dydp
o

(a) 0-60%

Au+Au 200 GeV :_

(C) 20-40%

(b) 0-20%

i (d) 40-60%

| === Initial

= =+ Regeneration

L — Initial+Regen.
=='Hydro T=120 MeV
i Hydro T=165 MeV

8 2
P, (GeV/c)

STAR arXiv:1310.3563 high-p; : Phys.Lett. B722 (2013)
Y. Liu et al., Phys. Lett. B 678, 72 (2009)

* Viscous hydrodynamics
Jhy decoupling temperature of
T=120 MeV and T = 165 MeV
fails to describe low-p; data
(predicts large flow).

* Y.Liuetal.

model includes J/hy suppression due
to color screening and the statistical
regeneration + B meson feed-down and
formation-time effects

describes the data well.

peripheral: initial production dominates.
10 central: regeneration becoming more
significant at low p.

U. W. Heinz and C. Shen (2011), private communication.

11
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0.2¢

0.1

Jhy elliptic flow v,

Phys. Rev. Lett. 111 (2013) 52301

Au+Au 200 GeV 0-80 %

e Jly

a0

o charged hadron

-

0.1 — initially produced [29]
. - coalescence from thermalized ctT [30]
JECICIEIEIE initial + coalescence [32]

-0 2:_ - . = jnitial + coalescence [33]

Tk ~ — - — hydrodynamic [34] |
0 2 4 6 8 10
p, (GeVic)
STAR

jaroslav.bielcik@fjfi.cvut.cz

Consistent with zero (p; > 2 GeV/c),
first hadron that does not flow.

Disfavor coalescence from
thermalized charm quarks at high p+.

[29] L. Yan, P. Zhuang, N. Xu, PRL 97 (2006), 232301.
[30] V. Greco, C.M. Ko, R. Rapp, PLB 595, 202.

[32] X. Zhao, R. Rapp, arXiv:0806.1239 (2008)

[33] Y. Liu, N. Xu, P. Zhuang, Nucl. Phy. A, 834, 317.
[34] U. Heinz, C. Shen, priviate communication.
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Nuclear modification factor vs. p;

1.8 —zhao, Rapp (a) 0-60%

1.8 -.Livetal

Toe STAR (b) 0-20% 7
T O PHENIX i
T  Phys. Rev. Lett. 98, 232301 (2007)|

(c) 20-40% |

Au+Au 200 GeV _

N
STAR
Y

8 2
p_ (GeV/c)

STAR low-p; arXiv:1E10.3563 high-pT : Phys.Lett. B722 (2013)

jaroslav.bielcik @fjfi.cvut.cz
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Increase from low p-
to high p;

Consistent with unity
at high p+ in peripheral col.

More suppression
In central than in peripheral
even at high p+.

Liuetal.., PLB 678:72 (2009)
and private comminication

Zhao and Rapp,

PRC 82,064905(2010)
PLB 664, 253 (2008).

13
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Raa VS. Npart

Y. Liu, et al., PLB 678:72 (2009)
' ' ' S'Il'AR ( ' 5 GI Vi) ' X. Zhao and R.Rapp, PRC 82, 064905(2010)
A+A - Jly+X O p. > evic .
7 STAR low-p+ arXiv:1310.3563
/S = 200 GeV ® STAR Au+Au Pr

O PHENIX Au+Au (y[<O0. 35) STAR high-p; Phys.Lett. B722 (2013)
1.2} Zhao, Rapp
E| ----- Liu et al.

1.4

* R for pr <5 GeVic:
Low-p; data agrees with

both models.

* Rjafor pr>5 GeVic:
High-p; data less suppressed
than low-p.

« More suppression

' ' ' ' ' ' ' in central than in peripheral
0 50 100 150 200 250 300 350 high
N even at high p+.

part

PHENIX Phys. Rev. Lett. 98, 232301 (2007)

|
_,.EIAH jaroslav.bielcik @fjfi.cvut.cz 14
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Jhy suppression at RHIC low energy

IIé 2:5'll’All{Plrelilmilllarif b T 1 T T 1 ,
u 200 GeV
1.8 . 62.4 GeV
® 39GeV

1 N, uncertainty

[ | ptp uncertainty 62.4 GeV
[ pt+p uncertainty 39 GeV
[ 1 pt+p 200 GeV(statistics)

62.4 GeV theoretical curve
39 GeV theoretical curve

< III|III|III|III.-III|III|III|III|III|I

© o909 =2
O N & OO0 O N O

| | |
100

 Similar suppression from 39 — 200 GeV.

| | |
200

| | |
300

| | |
40
N,

art

p+p references for

39 and 62 GeV: CEM

R. Nelson, R. Vogt et al,
arXiv:1210.4610

Theoretical curves:
Xingbo Zhao, Ralf Rapp
PRC82, 064905 (2010)

* Consistent with theoretical calculation within uncertainties.

|
STAR

£ jaroslav.bielcik@fjfi.cvut.cz
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Jhy suppression at RHIC low energy

g 2 : 1 1 1 | 1 1 1 I :
@ 4 g [ STAR Preliminary ~ 0-60% Au + Au .
16 =200 GeV =
i [ ] 62.4 GeV(CEM as p + p reference) -
- | 39 GeV(CEM as p + p reference) -
1.4 o N, uncertainty =
- 1 62.4 GeV p + p uncertainty(CEM)
1.2 T 39 GeV p + p uncertainty(CEM)
1 =
0.8} -
0.6 g @ i E
04 -
0.2 -
o [ 1 1 1 | 1 1 1 | ]

2 4

P, {Ge\ﬁc?
 Strong suppression at low-p.
o No significant beam-energy dependence within uncertainties.

_,.EIAH jaroslav.bielcik @fjfi.cvut.cz 16
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Jhy production in U+U 193 GeV

OTA KUKRAL poster p. 0.0-7.0 GeV

3
x10° ” >_<10
£ 70z £ 3
3 - - . ; ; ; 8 EU+U \ys,,=193 GeV s+ Signal after
= 6oL = Unlike sign pairs z 2.5¢ NN background subtraction
I = Like sign pairs L2 25 STAR Preliminary —— Crystal ball fit
50— - = —— Residual bekg. - pol(1)
L - C
40— *,* 150
E *t 1=
30 T E
C ™™ 1
. e o.5i H * / +
20— A - -A-
- e 1| il + Moo 4
: T T T
101" U+U |s,=193 GeV ] o5t ' T |
2-6I 2.7 2.8 2.9 3 J I3I-1I - I3-|2I - I3.I3I - IS!“I - I3.I5I B I3.6 . El L1l l 1 IISI E IQI 49 I#Il6l4lpl I\Allliﬁhllsl Iollfl42.I9llcsll 11
M [GeV/c?] 26 27 28 29 3 31 32 33 34 35 36
. . . . M [GeV/c?]
« Higher achievable energy density in . Raw J/y yield
U+U collisions. £ o0 ont3 oV
25 + s = e
o NN
* Run 2012 MB data S
= , 0-80% most central
2

Jy — eter TPC+TOF+BEMC.

Corrections of the signal underway.

[ ]
III\|I|III‘IIIITIIII'IIIIIII
|
l
i |

« HT trigger events could extend the 1 ’_ —]~ STAR Preliminary
range even more. o8 ++
: 0....|...|....|....|_*TT‘._!T1T
L 0 1 2 3 4 5 pf[GeVlc]T
STAR _ o - 17
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Upsilons
a cleaner probe of the QGP

 Recombination effects
— Jly : Evidence for large effects.
— Y: Expecting negligible contribution.

o.c @ RHIC: 797 + 210 *298 .. ub. (PRD 86, 072013(2012))
o, @ RHIC: ~ 1.34 — 1.84 ub (PRD 83 (2011) 052006)

« Co-mover absorption effects

— Y(1S) : tightly bound, larger kinematic threshold.

« Expect o ~ 0.2 mb, 5-10 times smaller than for J/hy
— Lin & Ko, PLB 503 (2001) 104

“}ET.E-.FI: _ S 18
£ jaroslav.bielcik@fjfi.cvut.cz
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Y Signal in Au+Au 200 GeV

180

Counts

STAR Preliminary
0 to 60% centrality

160 —— Ne+e
E _— Ne+e+ Nee
140F Noso. = 6
- N_,.. =149
120¢ N,. =181
100 S=310+/-311
sof—
60—
40—
201 =t
C + +.5
C 1 | 1 | 1 1 1 1 | 1 1 1 1 *lﬂ:%
% 8 9 10 1 12

M., (GeVi/c?)

60— STAR Preliminary
E 0 to 60% centrality
C « N,_-N_-N.
50 :_ = Fit Function
- 285.6 +/- 52.0
40— —— DY + b-bbar
C %2INDF = 1.5
30F Y = 196.6 +/- 35.8
H 4
20 k
10 ++ 4
: 4+ 1
0 T
_10 :_—’ll—
=20
- | L1 1 | 11 L1 | L1 L1 | L1 1 | | | L1 1 |
3% 8 9 10 1 12

M,... (GeV/c?)

Raw yield of Y—>e*e with
ly]<0.5=196.6 +35.8 __
=N, -N_-N,, - IDY+bb

|
STAR
Y

Drell-Yan+bb =

A

n=459 m,=27 Mmy

jaroslav.bielcik@fjfi.cvut.cz
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Nuclear modification factor

Suppression of Y(1S+2S+3S) in 2
central Au+Au observed.

Incorporating lattice-based potentials,
including real and imaginary parts

. T(15+25+38) — e*e’, Au+Au
lyl<D.5

p+p Sys. Uncertainty
p+p Stat. Uncertainty

Free Energy Potential Model

— A: Free energy ®» _
) o.l‘_: Internal Energy Potential Model
 Disfavored. N
&
— B: Internal energy 24 <
: . =
» Consistent with data vs. N, o

Includes sequential melting and feed-
down contributions

— ~50% feed-down from y,,. 25 /5,00 = 200 GeV
_IZ)y_namicaI_e_xpansion, variations in ' '.'5'6 | '1'66' '1't|'>b' 'éﬁb' 'étlilol '3'66' 'étlib'
initial conditions (T,, n/S) N

— Models uncertainty bands include :

* 428 <T,<442 MeV at RHIC
« for 3> 4nn/S >1

© o oo -
N A2 O 0 o

part
Model: M. Strickland, PRL 107, 132301 (2011).

-
STAR _ o N 20
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Y in Au+Au 200 GeV, R,

. Rapp et al., EPJ A48 (2012) 72

2r
- Kinetic theory + fireball. - @ V(15425439 —eve’ AutrAu
. TO = 330 MeV 1-8; - p+p Stat. Uncertainty
T ~ | p+pSys. Uncertainty
. “Weak Binding” (shown) 1.6 B
. - [l strickiand Model - Free Energy
) Bln: I_Pg energy Changes & 1 '4; || strickland Model - Internal Energy
wit @ 1.2 | Emerick&Rapp Model
- Bound state mass : @ C
constant & ]t e —
. ™
. In-medium open-bottom = £ 0.8
threshold is reduced o 0.6
- Motivated by Lattice bR
QCD 0.4- 5tAR Prelifitinary
- “Strong binding” (not shown) 0.2 /s —200 Gev
. Boun(_jst_atesstaywithconstantmass Covna b bv e o b b o Loy
and binding energy 00 50 100 150 200 250 300 350

N

part

STAR jaroslav.bielcik@fjfi.cvut.cz 21
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Y with STAR MTD

1 T T T1 T T T T T T1 T T T T T T T T T T T T T T 171 T

B STAlR Muon Tlelescope Ili)etector ]

0.9— 60 pb”' p+p, 20 nb" Au+Au

| Y(18)-u'w i

0'8__ : rgzs;—i*t' B
= A Y(BS)-u'w _
MTD (MRPC) 0.6 O T(1S+25+3S)>e'e
Fos: + Ht
= 0.5 ’ .
0.4 -
0.3~ -
ot dodododdg
n | | i | _

0.1 R t r

cev bt bt b e b b by Iy
00 50 100 150 200 250 300 350
Number of Participants
* A detector with long-MRPCs

— Covers the whole iron bars and leave the gaps in between uncovered.
— Acceptance: 45% at [n|<0.5

— 122 modules, 1464 readout strips, 2928 readout channels
« Long-MRPC detector technology, electronics same as used in STAR-TOF
* Run 2012 -- 10%; 2013 — 60%+; 2014 — 100%: Y via p+u-

I
ﬁETAFI _ o 22
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Jhy with MTD projection

1.4 300 pb™' p+p, 20 nb" Au+Au, 0-20% O 0 o A, 0-80%
1.2 0.2
= % 0.15
308 o~
i > 0.1
08 o Jhy
1 0.05
0.4
02~ J/y O
_. T T T T T S 0.0 | | | | | | | | |
% 1 2 3 4 5 6 7 8 9 1 00% o5 1 15 2 25 3 35 4 45 5
P (GeVlc) P (GeVl/c)
Advantages over electrons
* no y conversion, much less Dalitz decay contribution.
» less affected by radiative losses in the materials.
 Trigger capability for low to high p; J/y in central Au+Au collisions.
* High p/hadron enhancement.
-

STAR 23
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Summary
« J/gin p+p 200GeV

* NLO CS+CO and CEM describe the data.
 Indication of longitudinal J/y polarization as p; increases .

 J/gind+Au 200GeV
* Rdauconsistent with the model using EPS09+ gabsiy (3 mb).

 J/gin Au+Au 200GeV
« Suppression observed; it increases with collision centrality and decreases with pr.
« V2 consistent with no flow; disfavors the production dominantly by
coalescence from thermalized (anti-)charm quarks for pt> 2 GeV/c.
 J/gin Au+Au 39GeV and 62GeV
« Similar centrality and p; dependence like 200 GeV within uncertainty.

« J/gin U+U 193GeV
« Strong signal observed for p; 0-7 GeV/c

* Upsilon in Au+Au 200GeV
* Increasing of Y suppression vs. centrality.
* R, consistent with suppression of feed down from excited states only (~50%).

Heavy flavor tracker and Muon telescope detector upgrades.
« Significant improvement of STAR quarkonium measurements.
J\_
STAR _ o - 24
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Heavy Flavor Tracker

ner Field Cage

Radius| Hit Resolution | Radiation
(cm) [R/p-Z (um - pum)| length

Detector

/
/

Al S@/_@,} .
S Oy SSD | 22 20 /740 1% X,
¥ IST 14 170/1800 | <1.5% X,
: 8 ~0.49
HFT will help to study non-prompt B = J/y+X| pIXEL 12712 0-4% %,

2.5 12 /12 ~0.4% X,
STAR _ T 25
| jaroslav.bielcik@fjfi.cvut.cz


/

Cold Nuclear Matter Effects

* Y : CNM effects established by E776 (Vs=38.8 GeV);
— Magnitude and A dep: Y(1S)=Y(25+3S). a. can be as low as ~ 0.8.

L2 T ]
DY §#!
L Ty $8 Ca Fe W
Tosess 30 |
L0 e ‘L —s 3
Z oo ]E B S i
;’f\: T T T [ “} - ACBG
o 08 | - ]
o7 b LT . i .
[
| a.0 90 100 110 N
Mass (GeV)
I 1 1 1 11 | ] L
2 10 100

Mass Number

1.2

1.1
1.0

4 <08

0.8

0.7 -

0.6

he

"-.,;;I![: ir]~

T
1

00020406
Xr

0.1 02 03

jaroslav.bielcik@fjfi.cvut.cz

1.4 l-—'—|——r r —
T
12 |- Toseas i e
1.1 [

- I i ?
LO ;.

jj—'. & “:Tf\h
.8 Lo - ||

0.0 1.0 20 3.0 4.0
Py (GeV)
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Y Iin Au+Au 200 GeV, Centrality

o B0r
5 - 30 to 60% centrality
8 70- —— N,,..
Y L
;: C — Ne+e++Ne.e.
60~ Nese. = 130
s0r Neyer = 17
- N...= 34
40i S=79+/-13.5
C STAR
30 Preliminary
20—
10}
F T | I | FH'F"—ﬂ.\lT'_
% 8 9 10 1 12
M,. (GeVic?)
£ STAR Prelimi
330 30 o 60% centrality
8 e N, -N_,-N.
— Fit Function
20 72.7 +/-23.4
— DY + b-bbar
%*/NDF = 0.5

T =48.1+/-155

.1§§.|..w.

of T|+ T AR
-10[-
20
: ‘ 1 | Il 1 1 1 ‘ 1 1 Il Il | 1 Il 1 1 |
-307 8 9 10 1 12
M,... (GeVic?)
I--.:r 1 A4y
1

80

70

60

50

40

30

20

10

10 to 30% centrality

— N,

Ne+e++Ne-e-

Nese. = 267
Neses = 58
No..=75
S =134 +/-20.0
STAR
Preliminary

+ 4+

"3 9

I
10 11 12

M., (GeVic?)

£ r STAR Preliminary
330~ 10 to 30% centrality
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